Objectives: The aim of this study was to determine the: (1) prevalence of undernutrition as determined by the 'DETERMINE Your Nutritional Health Checklist' (NHC) and (2) factors independently associated with undernutrition among the older residents of these publicly funded shelter homes in Peninsular Malaysia. Design: A total of 1081 elderly people (59%M) over the age of 60 y were surveyed using questionnaires determining baseline demographics, nutritional and cognitive status, physical function and psychological well-being. Setting: Shelter homes, Peninsular Malaysia. Results: In all, 41.4% (n ¼ 447) were nourished (score o3), 32.1% (n ¼ 347) at moderate risk (score between 3 and 5) and 26.6% (n ¼ 287) were at high risk of undernutrition (score45) according to the NHC. A large proportion of subjects were underweight with 14.3% of subjects recording a low body mass index (BMI) o18.5 kg/m 2 and a further 18.2% recording a BMI between 18.5 and 20 kg/m 2 . The residential geriatric depression score (GDS-12R) (relative risk (RR) ¼ 1.03 (95% confidence interval (CI) 1.01-1.05); P ¼ 0.002) and the number of illnesses (RR ¼ 1.14 (95% CI 1.07-1.21); Po 0.001) were found to be independently associated with nutritional risk (NHC score Z 3). Using a BMIo18.5 kg/m 2 as an objective marker for nutritional risk, the NHC was shown to have a sensitivity of 66.4% (95% CI 58.0-74.2%), specificity of 42.7% (95% CI 39.3-46.1%), positive predictive value of 16.2% (95% CI 13.3-19.5%) and a negative predictive value of 88.4% (95% CI 84.9-91.4%). Conclusions: Many elderly people residing in publicly funded shelter homes in Malaysia may be at-risk of undernutrition, and were underweight. The NHC is better used as an awareness tool rather than as a screening tool.
Introduction
Malaysia has enjoyed economic prosperity and improvements in health-care delivery over the past 20 y. With increasing affluence and community expectations, the need for improved overall health and quality of life governs many national health-care policies. Before policies can be formulated and interventions devised, the extent of any problem should be clearly defined.
The nine 'Rumah Seri Kenangan' in this study are publicly funded shelter homes for the elderly and admission to these institutions is voluntary. The aims of these homes are to provide adequate care and support in the form of medical and rehabilitative services and counselling to older people who lack family and financial support. Presently, the extent of nutritional risk among elderly Malaysians residing in these shelter homes is not known.
While the 'Rumah Seri Kenangan' is different from a nursing home in that its residents are generally less dependent, it is still likely that the prevalence of undernutrition will still be high, as these elderly people have often lived an impoverished and lonely life prior to admission. Both social isolation and poverty are known to be associated with nutritional risk in older people (Walker & Beauchene, 1991; Visvanathan, 2003) . It is also probable that a large percentage of the residents residing in these facilities would have originated from rural villages. With industrialization and the disappearance of extended family network systems, the displacement of older people from rural villages to urban shelters is very likely. A very recent Malaysian study had found that almost 38.5% of elderly people residing in rural areas in Malaysia had body mass indices (BMIs) o18.5 kg/m 2 (Suzana et al, 2002) . Therefore, it is postulated that a large proportion of older people in these shelter homes may be atrisk of undernutrition, especially with rural to urban displacement. Remedial strategies may need to be devised to improve their nutritional health. Protein energy malnutrition in older people is known to be associated with prolonged hospitalization, increased complications, institutionalization and death, while adequate treatment has been shown to reduce mortality and complications (Walker & Beauchene, 1991; Milne et al, 2002; Persson et al, 2002; Visvanathan, 2003; Visvanathan et al, 2003) .
As with the rest of the world, the population of Malaysia is progressively ageing with a significant increase in life expectancy seen between 1980 and 2000, males from 66.4 to 70.2 y and females from 70.5 to 75.0 y (Ministry of Health). It is expected that the prevalence of undernutrition in older people and its many negative health consequences will increase and result in increasing individual and community health care costs over the next few decades. Therefore, the aim of this study was to determine (1) the prevalence of undernutrition and (2) the factors associated with undernutrition among the older residents of these publicly funded shelter homes in Peninsular Malaysia.
Method
Study population A total of nine publicly funded shelter homes ('Rumah Seri Kenangan') were visited in Peninsular Malaysia between March and September 2002. Residents who were 60 y and older and had resided in these homes for at least 3 months were invited to participate in this study. Out of a total of 1341 residents, only 1126 were eligible for the study. A total of 45 (4%) residents did not participate due to poor health, severe dementia or intercurrent illnesses. Informed consent was obtained from all 1081 subjects and/or their carers. The study was approved by the Department of Social Welfare, Malaysia and ethics approval was obtained from the University Putra Malaysia.
Baseline patient characteristics All questionnaires described below were translated into 'Bahasa Malaysia', the official written and spoken language of Malaysia, by one investigator (ZA) and a second investigator (RV) verified its accuracy. Two research assistants who were trained by the same investigator (ZA) administered all questionnaires and made all measurements.
Nutritional status
The 'DETERMINE Your Nutritional Health Checklist' (NHC), which is widely used in North America, was designed to enhance the older persons' understanding of the determinants of nutritional well-being and to promote the consideration of nutritional problems by health professionals (Posner et al, 1993; Dwyer, 1994) . Those identified by the checklist as being at-risk of undernutrition are prompted to seek further evaluation by their medical practitioners. The NHC is a simple questionnaire of 10 statements on a single page requiring yes/no answers (Omran & Morley, 2000) . These statements represent different common risk factors for malnutrition and are scored in relation to their importance (Omran & Morley, 2000) . The statements cover (a) dietary assessment (questions related to the number of meals, autonomy in food preparation, food and alcohol intake), (b) general assessment (questions related to medical health, medications, oral health and weight loss) and (c) social assessment (questions related to economic hardship and reduced social contact) (Omran & Morley, 2000) . Older adults scoring 6 or more (out of a maximum of 20) are thought to be at high risk of undernutrition and generally require further medical and nutritional evaluation. Those scoring between 3 and 5 are alerted that they are possibly atrisk of undernutrition and are prompted to make improvements to their dietary practices. Those scoring less than 3 are deemed to be nourished. In this study, subjects scoring 3 or more were considered to be at nutritional risk (AR) (3-5 moderate risk, Z6 high risk).
Cognition
The Elderly Cognitive Assessment Questionnaire (ECAQ) was used to evaluate cognitive status and was developed specifically for use among elderly people in developing countries (Kua & Ko, 1992) . The questionnaire consists of 10 items grouped under three categories: memory (three items), orientation (six items) and memory recall (one item). Out of a maximum score of 10, subjects were classified in this study as experiencing probable (o5), borderline (5-6) and no (46) cognitive impairment.
Physical function
The 10-item modified Barthel Index was used to determine ability to independently perform activities of daily living (ADL) and it has a maximum score of 20 (Wade & Collin, 1988) . Subjects were classified according to their scores; 'moderate to very severe disability' (r14), 'mild disability' (15-19) and 'fully independent' (20).
Depression
The 12 question Geriatric Depression Scale for people in residential care facilities (GDS-12R) was used to diagnose depression in this study (Sutcliffe et al, 2000) . It was developed from the GDS-15 by excluding items that were found to be poor identifiers of depression in nursing and residential home populations (Sutcliffe et al, 2000) . The three items excluded were the questions pertaining to: (1) the preference of going out rather than staying home; (2) the feeling of having more problems than other people and (3) the feeling that most people were better off than them (Sutcliffe et al, 2000) . In this study, subjects scoring 5 and above (maximum score of 12) were said to be at a high risk of experiencing clinically relevant depression (Sutcliffe et al, 2000) . (Wang et al, 1994; Deurenberg et al, 2002; Ministry of Health Malaysia, 2003) . To the best of our knowledge, at present, there are no clear guidelines in Malaysia defining the healthy BMI range for older people. Similar cutoff values (ie, o18.5 kg/m 2 ) have also been used in other Malaysian research studies involving older people (Shahar et al, 1999a; Suzana et al, 2002) . Weight was measured using the same portable weighing scale (TANITA weighing scale) in light clothing (without shoes) to the nearest 0.1 kg. Height (SECA bodymeter) was measured while the patient was standing to the nearest 0.5 cm. Frequency of visits from family/friends and the presence of social support were also determined. History was obtained from the subject and staff members.
Statistical analysis
Log-binomial regression univariate analysis of subjects' clinical characteristics based on impaired nutritional status (NHC score Z3) was performed. The potential predictors of an impaired nutritional state (Po0.10 by univariate analysis) were included into a log-binomial regression multivariate analysis adjusting for age, sex and BMI-yielding factors independently associated with nutritional risk as indicated by an NHC score Z3. Using a BMI cutoff of o18.5 kg/m 2 as an objective marker of undernutrition, the sensitivity, specificity, positive and negative predictive value of the NHC for identifying older people at-risk of undernutrition were calculated. SAS was the software program used (SAS Institute, inc, Cary, NC, USA). P-values o0.05 were considered to be statistically significant.
Results
The sociodemographic characteristics of the study population are shown in Table 1 . Most subjects had minimal (33%) Nutritional status of elderly Malaysians in shelter homes R Visvanathan et al or had not received any (64%) formal education. Of special note was that 73% of subjects were generally independent with their activities of daily living. However, many (86%) scored poorly on the ECAQ scale indicating risk of cognitive impairment and almost two-thirds (79%) of subjects were atrisk of depression. The BMI was not determined in 102 people as 93 were too physically dependent (see Table 1 ) and a further nine people declined. In all, 42% of subjects reported having no medical illnesses. Approximately 9% of subjects had diabetes, 14% hypertension, 6% asthma, 8% ischaemic heart disease, 2% cerebrovascular disease and 4% osteoarthritis. A total of 32% of subjects were on three or more medications. The response of the residents to each of the questions comprising the NHC is shown in Table 2 . A little more than a third of respondents reported eating few fruits or vegetables, suffering from some form of oral or dental troubles or not having sufficient money to buy the food they required. Very few people reported drinking too much alcohol (o1%), consuming three or more prescription medications (8.0%) or losing weight unintentionally (o4%). Consistent with the result of the Barthel Index (almost 9% severely dependent), only 3.5% of respondents stated that they were physically unable to shop, cook or feed themselves.
When the scoring on the NHC was compared to an objective marker for undernutrition (BMIo18.5 kg/m 2 ), the sensitivity was 66.4% (95% confidence interval (CI) 58.0-74.2%), specificity was 42.7% (95% CI 39.3-46.1%), positive predictive value was 16.2% (95% CI 13.3-19.5%) and the negative predictive value was 88.4% (95% CI 84.9-91.4%). Table 3 shows the results of the univariate log-binomial regression analysis of subjects' clinical characteristics, based on the NHC score of Z3. Subjects were grouped as nourished (41.4%) and at-risk of undernutrition (AR) (58.6%). Eight parameters were potentially associated with (Po0.10) higher scores on the NHC (Z3) and being AR. These included education, rurality, visits from family or friends, ECAQ, GDS-12R and modified 10-item Barthel Index scores, total number of medications and illnesses. When these parameters were further evaluated by a log-binomial regression multivariate analysis (adjusted for age, sex and BMI), the GDS-12R score (relative risk (RR) ¼ 1.03 (95% CI 1.01-1.05); P ¼ 0.002) and 
Discussion
A high proportion of elderly people living in these shelter homes in Peninsular Malaysia were at risk of being undernourished or developing undernutrition. The NHC identified more than half of the elderly people in this study as being at-risk of undernutrition (25% high risk- Table 1 ). Approximately 14% of these elderly residents were clearly underweight with a BMIo18.5 kg/m 2 . It is important to note that this very low cutoff value had been selected with the aim of targeting obesity among adult Malaysians. However, there is strong evidence that increasing adiposity and BMI in older people is not as strongly associated with increased mortality as in younger people (Taylor & Ostbye, 2001; Somes et al, 2002) . Instead, loss of lean body mass (sarcopenia) is associated with significant morbidity (Bales & Ritchie, 2002; Janssen et al, 2004) . Therefore, it can be argued that when attempting to diagnose and treat undernutrition and prevent its many adverse consequences in older people, it may be prudent to choose a slightly higher BMI cutoff value (eg undernourished o20 kg/m 2 ) and there is some local evidence supporting this (Suriah et al, 1998) . In this study, almost one-third of the respondents had a BMI of less than 20 kg/m 2 .
To the best of our knowledge, no study has previously examined the nutritional status of elderly people living in publicly funded shelter care facilities such as this, especially in Malaysia. Such shelter care facilities provide care to destitute elderly people who lack financial and family support but are physically healthy. Consistent with this, subjects in this study were mostly independent (470%) with their activities of daily living. Also, slightly more than 60% of respondents reported having no kin. Often seen in developing economies is a displacement of rural people to urban shelters as exhibited in this study, whereby 81% of subjects were originally from rural communities. Consistent with the rural origin of the study population, there is also a high proportion of people with primary education or less (90%). Therefore, a large proportion of residents in these shelter homes, originated from rural villages, were poorly educated and at-risk of undernutrition. The results of this study are supported by those by Shahar et al who also found that rural Malaysians were at high risk of undernutrition (39%) and unemployment with no steady financial support (60%) and were also often uneducated (48%) (Shahar et al, 2001) . Interestingly, far fewer older people in this study had BMIs o18.5 kg/m 2 than in the study by Suzana et al (14.30 vs 38.5%) (Suzana et al, 2002) . Possibly, once placed in these shelter homes, the provision of regular and nutritious meals may have improved nutritional status somewhat and this needs further confirmatory investigation. Nevertheless, these studies highlight the fact that these displaced, lonely, poor and often illiterate people are at risk of being or becoming undernourished. When looking at the responses to individual questions making up the NHC (Table 2) , the following questions received the most positive responses (approximately onethird of respondents); (1) eating few fruits, vegetables or milk products, (2) having tooth or mouth problems and (3) not having enough money to buy food. Between 15 and 20% of respondents also reported having an illness that changed the type of food eaten, eating fewer than two meals per day and eating alone most of the time. Once again, similar findings were noted in two smaller Malaysian studies in rural regions whereby chewing difficulties were reported frequently (43%), poverty was found to be an independent predictor of being underweight (o18.5 kg/m 2 ) and decreased fruit intake and less than three meals per day were independent predictors of dietary inadequacies (Shahar et al, 1999b; Suzana et al, 2002) . These dietary, economic and health factors are known to be associated with poor nutritional status and similarly high responses to these questions were seen in other studies using the checklist (Sahyoun et al, 1997; De Groot et al, 1998) . Interestingly, less than 1% of respondents reported consuming more than three standard drinks of liquor per day and this is most likely due to cultural and religious beliefs that prohibit social drinking, especially in women. As an awareness tool, the responses of an individual person to the NHC provides us with clues as to what nonphysiological factors may be contributing to the older person's poor nutritional status and appropriate corrective measures may be instituted accordingly (ie, ensuring three full meals are eaten per day).
In this study, the GDS-12R score was found to be independently associated with nutritional risk as identified by the NHC (score Z3). Depression is known to be associated with poor nutritional status and depressed older people are at an increased risk of mortality and morbidity (Luukinen et al, 2003; Visvanathan et al, 2003) . It has also been recently shown that antidepressant therapy may promote weight gain or prevent weight loss in elderly people (Thomas et al, 2003) . A high proportion of elderly people residing in these facilities appear to be at-risk of depression (65%) and it is important that potential stressors (ie, lack of visitation) are sought and treatment plans instituted to prevent further decline in health and social well-being. Emotional and mental health are often neglected but they are strong determinants of one's ability to live life to the fullest.
In this study also, the number of medical illnesses was strongly associated with nutritional risk. For every additional illness suffered, there was a 14% increase in relative risk of being at-risk of undernutrition (NHC score Z3). Gastrointestinal disease, malabsorption syndromes, acute and chronic infections, cancer, hypermetabolism (ie, hyperthyroidism), rheumatoid arthritis and many other diseases are associated with anorexia, micronutrient deficiencies and increasing energy requirement, and may result in an impaired nutritional status (Kerstetter et al, 1992; Katelaris et al, 1993; Roubenoff, 1993; Morley, 1997; Visvanathan, 2003) .
This study has several limitations. The NHC was designed for use in North America as an awareness tool. Similar to many other nutritional screening tools (ie, Mini Nutritional Assessment), at the time of this study it had not been validated for use in Asia. When compared to an objective marker for undernutrition (BMIo18.5 kg/m 2 ), not surprisingly, a low sensitivity (66.4%), specificity (42.7%) and positive predictive value (16.2%) but very good negative predictive value (88.4%) were seen. We had elected to use the NHC instead of other screening tools (ie, Mini Nutritional Assessment) for logistical reasons given its simplicity (ie, biochemical and anthropometric measures not required). Azad and colleagues had compared the NHC to a more detailed nutritional assessment including objective markers in Canadian hospitals and similarly found that the sensitivity of this awareness tool was 54.4% while its specificity was 61.3% (Azad et al, 1999) . Another European community study comparing the NHC to a BMIo20 kg/m 2 reported a sensitivity of 59% and a specificity of 53% (De Groot et al, 1998) . Given the similarities in these values, it would appear that the response to the NHC in our population (South East Asian) was comparable to the responses seen in western populations. Its excellent negative predictive value of almost 90% is reassuring as older people classified as nourished (o3) on the NHC are unlikely to be at nutritional risk. Older people scoring Z3 on the NHC should be prompted to improve their dietary practices or consult their medical practitioners for further evaluation. The NHC may be used as an awareness tool in Malaysia for these reasons. It should not be used as a nutritional screening tool in Malaysia given its poor sensitivity and positive predictive value. Further studies are required to identify a suitable nutritional screening tool that can be easily and reliably administered to a multicultural Malaysian population. Also, almost 76% of the residents surveyed in this study were identified as being cognitively impaired. This high prevalence of cognitive impairment may impair the accuracy of responses to the questionnaires. Scores on cognitive assessment tools are influenced negatively by a low educational background (De Yebenes et al, 2003) . It should be noted that at least 64% of participants were uneducated and a further 32.7% had only received primary educations and this may account somewhat for the high prevalence of low ECAQ scores seen in this study.
In conclusion, there is a need for a simple, costeffective and validated nutritional screening tool that can be used to evaluate older people in countries such as Malaysia and further efforts to develop this are urgently required. The NHC should be used mainly as an awareness tool and not as a screening tool. Undernutrition is a clinical syndrome with many physiological and nonphysiological causes. Several well-established nonphysiological causes of undernutrition, like depression and medical illnesses, were positively identified in this study, and measures should be instituted to manage these conditions appropriately.
